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[571 ABSTRACT 
A microwave radar signal is generated (16) and split by 
a circular (20). A phase shifter (24) introduces a plural- 
ity of phase shifts into a first part of the split signal 
which is then transmitted (36) by antenna (34). A like 
plurality of phase shifts are introduced by the phase 
shifter into the return signal (40) from the target. The 
circulator delivers the phase shifted return signal and 
the leakage signal from the circulator to a mixer (44) 
which generates an i.f. signal output at the doppler 
frequency. The i.f. signal is amplified (461 1, filtered (54), 
counted (58) per unit of time and the result displayed 
(62) to provide indications of target sense and range 
rate. An oscillator (50) controls rate of phase shift in the 
transmitted and received signals and provides a time 
base for the counter. The phase shift magnitude in- 
creases may be continuous and linear or discrete func- 
tions of time. 
20 Claims, 2 Drawing Sheets 
46 
48 54 56 58 60 62 
https://ntrs.nasa.gov/search.jsp?R=19900010964 2020-03-24T03:15:04+00:00Z
U.S. Patent Aug. 22,1989 
. fig 
Sheet 1 of 2 4,860,014 
US. Patent 
FIG. 2 
FIG. 3 -
FIG. 4 
FIG. 5 
FIG. 6 
FIG. 7 -
FIG. 8 -
Aug. 22,1989 Sheet 2 of 2 4,860,014 
\ 
70 
FIG. 9 
FIG. 10 
4,8 60.0 14 
1 
DOPPLER RADAR WITH MULTIPHASE 
MODULATION OF TRANSMlllTED AND 
REFLE(;TED SIGNAL 
ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 
ees of the U.S. Government and may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the 
payment of any royalties thereon or therefor. 
Background of the Invention 
1. Field of the Invention 
This invention relates to doppler radar systems, and, 
more particularly, relates to such systems wherein indi- 
cations of sense as well as relatively low range rates are 
desired. 
2. Background Art 
Numerous systems have previously been employed in 
the art for measuring radar target sense and velocity 
including doppler, continuous wave, and pulse radar 
techniaues. In the familiar doDDler or homodvne radar 
1 1  
system, a sample of the transmitted signal, serving as a including the mathematical description of fie various 
coherent reference, is mixed with the received signal 25 signals herein described being herewith incorporated by 
reflected from the target which includes a doppler shift reference. There is disclosed in the aforementioned 
functionally related to relative motion between the patent a technique wherein rather than frequency mod- 
frequency and thus provides indications of the desired 3o return signals have periodically introduced therein a 
fured phase shift of a single preselected magnitude. relative velocity between the target and radar. 
Whereas such a system alleviated many of the hereinbe- Several disadvantages of this system were evident. For example it was not possible with this technique to 
whether the target was opening or closing on fore noted problems associated with l/f noise, measur- 
the system, Le. sense of the detected relative velocity. In ing at low dopp1ers9 and range problems 
an attempt to this, a second mixer with a 35 were still nevertheless exhibited for example in detect- 
reference signal in phase quadrature with the first mixer ing 
reference was employed. The second mixer’s doppler 
output would be in phase quadrature with the first 
sense. 40 tems wherein indications of sense and relatively low 
could thereby be pro- range rates are desired. A microwave signal is split into 
vided, not only was such a system expensive but mea- a first Pa* and a second leakage Path signal Part. The 
surement at very low doppler frequencies (correspond- fist Part ofthe signal is then delivered to a Phase shifter 
ing to low relative velocities) proved difficult. This was wherein phase shifts are introduced. The phase shifted 
due in part to a well known phenomenon of l/f noise 45 transmission signal is then directed toward a target by 
target and the radar* The mixer Output is at this doppler ulating the carrier, both the transmitted and reflected 
SUMMARY OF THE INVENTION 
mixer but would lead or lag depending on the velocity The present invention d a t e s  to dopP1er radar sYs- 
while an indication of 
2 
to provide the doppler frequency as well as the indica- 
tion of the sense of the relative velocity. 
Whereas this system appears to provide the desired 
sense indications, it too suffers from numerous defects. 
5 First, the modulation of the carrier must be very accu- 
rately maintained. This requires highly complex control 
circuitry to provide the necessary symmetrical trans- 
mitter modulation which is directly related to the accu- 
racy and resolution of the doppler frequency measure- 
10 ments. Moreover, in this system, sense determinations 
may be range dependent, i.e. doppler sense can be am- 
biguous as a function of range. 
With respect to the third mentioned technique of 
pulsed doppler radars, these systems require vastly 
l5 more complex techniques, resulting in very complex 
and costly equipment or suffering from other disadvan- 
tages such as limited minimum operational range or the 
like. 
A further discussion of the problems inherent in other 
2o such systems is provided in U.S. Patent No. 4,439,766, 
entitled “Doppler Radar Having Phase Modulation of 
Both Transmitted And Reflected Return Signals”, is- 
sued Mar. 27, 1984 to Kobayashi et al, the disclosure 
wherein noise output of the- homodyne mixer is in- 
versely proportional to frequency. Accordingly, these 
low doppler frequencies were masked in very high 
detector noise levels thereby severely limiting effective 
operational performance to short ranges and very mod- 
erate minimum detectable target velocities. 
In the other aforementioned technique of continuous 
wave radar, the transmitted radar signal is convention- 
ally frequency modulated as, for example, with a triang- 
ular waveform, and a sample thereof is input to the 
mixer. As with the previously described technique, the 
transmitted signal is reflected from the target and re- 
ceived, delayed of course by the time required to tra- 
verse the distance to and from the target. This received 
signal will again be frequency shifted due to the doppler 
shift arising from the relative target-radar velocities. 
However, unlike the prior system, the mixer output 
signal has an average frequency proportional to range. 
Moreover, sense is detectable. If the frequency offset 
arising from the round trip delay is larger than the dop- 
pler shift, the mixer output frequency during the posi- 
tive sweep of the transmitter may be subtracted from 
the mixer output frequency during the negative sweep 
means of a conventional radar antenna and the return or 
reflected signal from the target thence received at the 
antenna. 
In like manner to the transmitted signal, the phase 
50 shifter then introduces phase shifts into the return signal 
55 
a 
65 
prior to delivering it to the circulator. The circulator 
delivers this phase shifted return signal and the second 
or leakage path signal to a mixer which, in a conven- 
tional manner, forms an i.f. signal corresponding to the 
doppler signal. This i.f. doppler is amplified, filtered, 
and the output counted as a function of time to provide 
sense and range rate. 
It is a particular feature of the invention to provide 
for a plurality of phase shifts both in the transmit and 
the receive path signals. More particularly, in a pre- 
ferred embodiment, an oscillator operating nominally at 
10 KHz drives the rate of phase shifting. The phase 
shifter may take the form of a linear phase shifter 
wherein phase varies over time as a ramp function from 
0 to 180 degrees, the rate of which is controlled by the 
aforementioned oscillator. 
In an alternate embodiment, a discrete phase shifter 
may be substituted for the linear phase shifter wherein 
4,860,O 14 
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phase shifts of discrete increasing or decreasing magni- vided having three ports. The first or input port is for 
tudes are sequentially introduced into the transmitted receiving the aforementioned microwave signal 18. An 
and received radar signals between the circulator and input-output port is provided which serves two func- 
the antenna. In the latter embodiment, gradually in- tions. First, it outputs a first portion of the microwave 
creasing phase shifts in increments of 45 degrees may 5 signal 18 on line 22 or 26. Secondly, it will receive a 
be introduced from 0, 45, 90, 135, to 180 degrees after- return microwave signal on line 22 or 26 to be hereinaf- 
which the phase shift introducing cycle is repeated. ter described which is multiphase modulated in accor- 
Again, as with a linear phase shifter, the rate of phase dance with the present invention in a manner to be 
shift introduction may desirably be controlled by the hereinafter described in greater detail. 
oscillator rate. A third port which is an output port is provided on 
A timer means is provided for generating a time base the circulator 20. In conventional operation, the circu- 
signal from the oscillator which is delivered to the lator will divide the incoming signal 18 into the first 
counter. In this manner, the counter output will be the portion of the microwave signal which exits the input- 
number of pulses from the band pass filter output per output port and a second portion of the signal com- 
unit of time determined by the oscillator. In other 15 monly referred to as a leakage signal component. The 
words, the counter output will correspond to the num- circulator 20 will provide at the third or output port a 
ber of counts from the filter output functionally related signal 42 which is the sum of the leakage path signal 
to the period of the oscillator which drives the phase portion of the microwave signal 18 to the input port and 
shifter. A visual display of the counter is provided for the return signal 22 entering the input-output port of the 
the desired indications of sense and range rate. It will be 20 circulator 20. 
10 
appreciated that the center frequency of the i.f signal 
due to the oscillator driving the phase shifter will be the 
frequency of the oscillator itself which, in a preferred 
embodiment, is 10 KHz. Accordingly, in a preferred 
practice, the bandpass filter is centered about this i.f. 
frequency. In this manner, traversal of the target 
through 0 range rate will permit 0 range rate tracking, 
including i.f. amplification and filtering at the 10 KHz 
frequency. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a functional block diagram of the doppler 
radar system in accordance with the present invention. 
FIG. 2 is a typical waveform of the clock signal gen- 
erated by the oscillator depicted in FIG. 1. 
FIG. 3 is a representative simulated doppler signal. 
FIG. 4 is one cycle of a representative doppler signal 
waveform out of the mixer of FIG. 1 having a positive 
doppler velocity product by 11 cycles of i.f. signal. 
FIG. 5 is one cycle of a representative doppler signal 
waveform out of the mixer of FIG. 1 having a negative 
doppler velocity product by 9 cycles of i.f. signal. 
FIG. 6 is a typical i f .  signal of the system of FIG. 1 
for 0 velocity at a given range by 10 cycles of i.f. signal. 
FIG. 7 is a doppler simulated 0 velocity function at a 
given range plus one-eighth of a wavelength. 
FIG. 8 is an i.f. signal for 0 velocity at a given range 
plus one-eight of a wavelength by 10 cycles of i.f. signal. 
FIG. 9 is a doppler simulated 0 velocity function at a 
given range plus one-sixteenth of a wavelength. 
FIG. 10 is an i.f. signal of the system of FIG. 1 for 0 
velocity at a given range plus one-sixteenth of a wave- 
length by 10 cycles of i.f. signal. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 
The invention may be embodied as depicted gener- 
ally in FIG. 1, which is a functional block diagram of a 
general system 10 constructed in accordance with the 
teachings of the present invention. A source of d.c. 12 
provides a d.c. bias voltage 14 for biasing a conven- 
tional microwave local oscillator 16. This oscillator 
may take the form of a Gunn diode which will generate 
a microwave signal 18 which, in a typical embodiment, 
may be nominally on the order of 10 GHz or the like in 
frequency. 
A circulator 20, which also is of conventional con- 
struction such as a ferrite circulator or the like, is pro- 
Still referring to FIG. 1, it will be noted that the 
input-output port of the circulator 20 is interconnected 
by means of line 22 or 26 to a linear phase shifter 24 or 
discrete phase shifter 28, respectively. Similarly, the 
25 phase shifter 24 or 28 is also connected by means of line 
30 or 32 to a conventional microwave transmit-receive 
antenna 34. The purpose of the phase shifters 24 or 28 
will be hereinafter discussed in greater detail. The mi- 
crowave signal from the input-output port of the circu- 
30 lator 20, after traveling through the respective phase 
shifter 24 or 28 and being delivered by line 30 or 32 to 
the antenna 34 will thence be transmitted by the antenna 
34 so as to traverse range R between the antenna 34 and 
a target 38 of interest. The transmitted radar signal 36 
35 will impinge upon the target 38 which will accordingly 
generate a reflected return signal 40 which may be 
received by the antenna 34. This return signal 40 will 
then be transmitted by means of line 30 or 32 through 
the corresponding phase shifter 24 or 28 and thence on 
40 line 22 or 26, respectively, to the aforementioned input- 
output port of the circulator 20. 
Part of the function of the circulator 20 is to combine 
a portion of the microwave signal 18, Le. the leakage 
path signal, with the return microwave signal on line 22 
45 or 26, and to deliver the resultant sum signal 42 to an 
appropriate diode mixer 44. The purpose of the mixer 
44 is to form, in a conventional manner, a product of the 
leakage path signal and the return signal which will 
accordingly also have as a component the familiar dop- 
50 pler frequency which is functionally related to the rela- 
tive velocity between the antenna 34 and the target 38. 
This product signal output from the mixer 44 is thence 
delivered to an appropriate i.f. amplifier 46. 
For present purposes, it will be noted that the i.f. 
55 amplifier 46 is one which efficiently amplifies signals 
operating at a frequency of the oscillator 50 whose 
purpose will hereinafter be described in greater detail. 
The output signal 48 of the amplifier 46 is thence deliv- 
ered to a suitable bandpass filter 54 which has a center 
60 frequency centered about the frequency of the i.f. signal 
corresponding to the frequency of the oscillator 50. 
The purpose of this filter 54 is conventional in filter- 
ing out signals outside the band of frequencies at the i.f. 
center frequency plus or minus the doppler frequency, 
65 thereby eliminating the aforementioned l/f noise prob- 
lem as well as the problem of amplifying information 
signals such as a doppler approaching 0 frequency cor- 
responding to 0 range rates. 
4,860,O 14 
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The filter 54 may be implemented in any number of played by taking the time derivative of this doppler 
fashions well known in the art. Accordingly, in one count. 
embodiment, the filter 54 could take the form of a phase Relative timing of the hereinbefore noted various 
lock loop tracking filter which typically exhibits supe- signals may be seen with reference to FIGS. 2-10 
rior signal to noise ratio performance. The output 56 of 5 wherein reference numerals 70 and 72 indicate occur- 
the filter 9 is thence delivered to an appropriate rence of 20 clock cycles and numerals 74-78 indicate 
counter 58. occurrence of 11, 9, and 10 cycles of i.f. for one repre- 
An oscillator 50, operating at a preselected nominal sentative doppler cycle, respectively. In cases in which 
frequency such as 10 KHz or the like, delivers an output the m x h ~ m  expected doPPler frequency is much 
base signal 64 functionally related to the period of the period of the oscillator 50 is much greater than the 
oscillator 50, and delivers this time base signal 64 to the roundtrip R delay time between the antenna 34 and 
counter 58. The counter will then generate an output target 38, from the foregoing it will be apparent that a 
count 60 functionally related to the time rate of occur- useful doppler component will thereby be introduced 
rente of pulses on the output of the filter 54 in func- 15 into the received signal due to relative motion between 
tional relation to the period of the oscillator 50. In other the target 38 and the antenna 34* 
words, the output 60 of the counter, inasmuch as it The alternating doppler is translated to an i.f. signal 
66 to a timer 68. The timer 68 thereby generates a time 10 smaller than the frequency Of the oscillator 50 Or the 
receives the if. output signal 56 and the time base signal 
64, will be an indication of the doppler pulses out of the 
which may be and demodulated at a high level. 
noise and d*c* components are 
occurring as a function of the time of the period 20 filtered out whereby the remaining doppler signal about 
the center 10 KHz i.f. signal may be easily amplified and 
displayed for range rate values through 0. With the 
present system, indications of sense are provided in that 
target movements in one direction will provide i.f. sig- 
25 nals slightly on one side of the center frequency, 
whereas movement in the opposite direction will pro- 
vide an i.f. frequency component slightly on the other 
side of the center frequency. 
of the oscillator 50. This counter output is thence 
delivered to an appropriate visual display 62 which 
accordingly provides a visual indication of the sense 
and range rate of the target signal. 
The introduction of a plurality of multiphase shifts in 
both the transmit and receive path of the 
signal, which is a unique feature of the present inven- 
tion, will now be described in greater detail. In one As to selection of the relative frequencies of the oscil- 
Of the present invention the phase shifter 24 30 lators 16 and 50, the rate of multiphase shifting is func- 
tionally related to the range of the doppler. Accord- 
ingly, the oscillator frequency 50 should be selected so 
preferably be a linear phase shifter. A gradually 
ing amount of phase shift will thus be introduced into 
the transmit and receive signals flowing therethrough 
until a maximum of 180 degrees of phase shift is intro- as not to be relatively close to the expected doppler frequency inasmuch as this would in a situation 
duced, whereupon the process will resume again to 35 similar to the prior art wherein difficulties were experi- 
gradually and continuously introduce phase shift from 0 enced in attempting to amplify and filter through a 0 
to 180 degrees. The rate at which this gradually increas- 
ing phase shift is introduced into the transmit and re- 
ceive signals will be controlled by the frequency output 
52 of the oscillator 50. Accordingly, it is a feature of the 40 parting from the 
invention to provide for multiphase modulation in the 
path of both the transmitted and reflected return signal. 
In an alternate embodiment, a discrete phase shifter 
28 is Provided which may be implemented by a discrete 
digital filter or the like. In like manner to the phase 45 and sense, comprising: 
shifter 24, a gradually increasing amount of phase shift 
is introduced into both the transmitted and reflected 
return signal, with the rate of such increase again being 
controlled by the oscillator frequency 50. However, 
unlike the linear phase shifter 24, with reference to FIG. 50 
1 it is apparent that the magnitude of phase shift intro- 
duced by the discrete phase shifter 28 will preferably 
occur in increments rather than continuously, i.e. in one 
embodiment discrete incremental phase shifts will be 
introduced into the receiving and transmit signals of 45 55 
degrees in each increment, whereby sequentially a 
phase shift of 0, 45, 90, 135, and 180 degrees will be 
introduced, whereupon the cycle will repeat at the rate 
determined by the oscillator 50. 
vided by the oscillator 50 which controls the rate of 
phase shift also determines the period through which 
doppler pulses from the bandpass filter will be counted 
inasmuch as the timer 68 delivers on line 64 to the 
counter 58 time base signals functionally related to the 65 
period of oscillator 50. The output 60 of the counter will 
be the doppler count or range without such time base 
correction, however the range rate may also be dis- 
doppler frequency. 
while a single embodiment of the invention has been 
described, variations thereof can be made without de- 
of the invention. Therefore, 
it is intended that the scope of the invention be limited 
only by the claims which follow. 
I claim: 
1. A doppler radar system for measuring range rate 
first oscillator means for generating a microwave 
signal; 
circulator means having an input port for receiving 
said microwave signal, an input-output port for 
outputting a first portion of said microwave signal 
and for receiving a phase modulated return micro- 
wave signal, and an output port for outputting an 
unmodulated second portion of said microwave 
signal and said phase modulated return microwave 
signal; 
antenna means for transmitting a transmitted micro- 
wave signal and receiving a return microwave 
signal; 
phase shifting means for receiving said first portion of 
said microwave signal, phase modulating said first 
portion of said signal with a first plurality of phase 
shifts characterized by a phase shift rate, and out- 
putting said phase modulated first portion of said 
signal to said antenna means as said transmitted 
signal, and also for receiving said return signal, 
further phase modulating said return signal with a 
second plurality of phase shifts also characterized 
by a phase shift rate to generate said phase modu- 
It will be noted from FIG. 1 that this same rate pro- 60 
6 
phase shifts are equal. 
6. The doppler radar system of claim 5 wherein the 
phase shift rate of said first and said second plurality of 
phase shifts varies cyclically over time from 0-180 de- 
grees. 
7. The doppler radar system of claim 6 wherein the 
phase shift rate of said first and said second plurality of 
phase shifts varies as a linear ramp function. 
8. The doppler radar system of claim 6 wherein the 
phase shift rate of said first and said second plurality of 
phase shifts varies in discrete, selectively increasing or 
decreasing, increments. 
9. The doppler radar system of claim 8 wherein said 
discrete phase shifts are 45, 90, 135, and 180 degrees. 
10. The doppler radar system of claim 1 wherein the 
frequency of said second oscillator means is substan- 
tially less than the frequency of said i.f. signal. 
11. The doppler radar system of claim 1 wherein the 
frequency of said second oscillator means is substan- 
tially greater than the frequency of said i.f. signal. 
12. A doppler radar method for measuring target 
4,8 60,O 1 4 
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lated return signal, and outputting said phase mod- 
ulated return signal to said input-output port of said 
circulator; phase shift rate; 
portion of said signal and said phase modulated 
return signal to form an i.f. signal functionally re- 
lated to said range rate and sense; 
amplifier means for providing an amplified output of 
said i.f. signal; 
filter means for filtering said amplified i.f. signal to 
generate a filtered i.f. output signal; and 
second oscillator means generating an oscillator out- 
put for controlling said first and said second phase 
shift rates, whereby said first and said second phase 15 amplifying said i.f. signal; 
shift rates are related to the range rate and thus to filtering said amplified i.f. signal to generate a filtered 
the frequency of the i.f. signal, and whereby the i.f. output signal having an i.f. frequency which is 
relative frequency of said second oscillator means functionally related to the range rate of the target; 
with respect to said frequency of said i.f. signal is and 
controllable. 20 generating an oscillator output at an oscillator output 
frequency for controlling rate of said first and said 2. The doppler radar system of claim 1 further com- second plurality of phase shifts in accordance with prising timing means for generating a time base signal said i.f. frequency. functionally relating the period of said second oscillator 13. The method of claim 12 further including the 
to the filtered i.f. output signal. 
timing means comprises 
phase modulating said first portion of said microwave 
signal with a first plurality of phase shifts having a 
mixer for said unmodulated second transmitting said phase modulated first portion of said 
microwave to a target; 
receiving a portion of said phase modulated transmit- 
ted signal 
further phase modulating said received portion of 
said transmitted signal with a second plurality of 
phase shifts having a phase shift rate; 
mixing said unmodulated second portion of said mi- 
crowave signal with said further phase modulated 
received portion of said transmitted signal to form 
an i.f, signal; 
10 
25 steps of 
3* The doppier radar system Of ‘laim wherein said generating a time base signal functionally related to 
said oscillator output frequency; 
counting the number of cycles in said filtered i.f. 
output signal as a function of said time base signal; 
and 
generating a counted output in functional response to 
said counting. 
14. The method of claim 13 further including the step 
of displaying said counted output as an indication of 
15. The method of claim 12 wherein said phase shift 
rate of said first and said second plurality of phase shifts 
are 
16. The method of claim 15 wherein said phase shift 
40 rate of said first and said second plurality of phase shifts 
varies cyclically over time from 0-180 degrees. 
l,. The method of claim 16 wherein said phase shift 
rate of said first and said second plurality of phase shifts 
timer means interconnected with said second oscilla- 
tor means for generating a time base signal func- 
tionally related to said second oscillator period; 30 
and 
counter means for receiving said filtered i.f. output 
signal and said time base signal and generating as a 
counter output, a count of the filtered i.f. signal as 
a function of said time base signal. 35 said range rate and sense. 
4. The doppler radar system of claim 3 including 
display for generating a visual display of said 
counter output as an indication of said range rate 
and sense. 
5. The doppler radar system of claim 1 wherein the 
phase shift rates of said first and said second plurality of 
varies as a linear ramp function. 
18. The method of claim 16 wherein said phase shift 
rate of said first and said second plurality of phase shifts 
varies in discrete, selectively increasing or decreasing, 
increments. 
19. The method of claim 18 wherein said discrete 
20. A doppler radar method for measuring target 
range rate and sense, comprising: 
generating a microwave signal, 
separating said microwave signal into a first portion 
to be multiphase modulated and a second portion 
to remain unmodulated, 
multiphase modulating said first portion of said mi- 
crowave signal, 
transmitting said multiphase modulated signal to a 
receiving a portion of said transmitted signal re- 
further multiphase modulating said received signal, 
mixinz said further m u b h a s e  modulated received 
45 
50 phase shifts are 45, 90, 135, and 180 degrees. 
55 
60 target, 
flected from said target, 
range rate and sense, comprising: 
generating a microwave signal; 
splitting said microwave signal into a first and a sec- 
65 signal and said unmoduhed second portion of said 
microwave signal to form an i.f. signal functionally 
related to said target range rate and sense. 
ond portion; * * * * *  
